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COORDINATE GEOMETRY 
Teacher's Guide 



Objectives ^ • , . * 

1, The student <. should know* and be able to use 
the Pytbagorean Theorem and Its converse? 
distance, midpoint and slope formulaef, 

2. The student will 'be able to show line se^^ 
ments congruent , parallel, or perpendicular 
when cooTS^nates are known, 

3* The student will be ^ble to select coordln- 
atea and prcxve theorems for triangles and' 
q'uadrl laterals^ ' ^ 



Ovorytew ' " / 

'This module bef^ins with, a -demonstration but .' 
not 'a 'proof of the Pyth^p;prean Theorem. The 
proof can be added to or usotKto replace- the 
demonstration If the cla^s Jhar.vthe baokpjround. - 
An extensive review, of radicals Is included 
and 1r usvially needed. Exercise A or B -aould 
bo used as a pretest to determine whether part, 
all,. or none of the review should be used. 



\ 



-1 
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This module Incluities i • 

I# Pythagorean Theorem (with review of 
radicals) ; * * 
Basic Coordinate Geometry 

1. Distance ^nd Midpoint 

2. Slope 

3* Slope of parallels and perpendlcu 
, lars 

4, Equation of a line 

\ 

III, Selecting Coordinates 

IV, Coordinate Proofs 

V, Linear Inequalities, Non-^iegatlvG Gc5h 
straints. Linear Programming' 

(Section V is optional.) 

Materials 

Graph paper 
Sti;^lghtedge " ' ^ 
Compass 
Scissors 



/ 



Pythagorean Theorem)^ 
Teaching Sug^^estions . 

1. Have students work in small groups on this 
construction and demonstration of the Pythag- 
orean Theorem. You might want to use colored 
paper for either the triangles or the square. 

2. Square is defined later in the module. For 
this demonstratiorl , however, the student's - 
own definition of a square is sufficient. 

3. ' We have included here a review of radicals 

if you feel it is needed*. 

4. The exercises introduce calculating the 
length of a line segment as preparation for 
developing the distance formula later. 

Materials 

Compass 

Stralghtede;e 

Scissors . 
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Review Had ica'!|.s- 
Exercise Answers (Simplifying Radicals) 



1. 


6 




N.i 3 


2. 


2 {3 ^ - 


17. 


\jl3 • 


3^ 


8 \j 2 


18. 


6 N 2 / 




3x \|y 


■ 19. 




5. 


^- N 2 or — 


20; 


|,\jyor 


6. 




21. 




7. 


c ' 2 


22. 




8. 
9. 


1 i — ^1 ^ 

T I15 or 

0 ^ c 




1 OK ' 


10. 




■ 25. 


^ ^lOy 


11. 


2 .10 




Ifi \l 


12. 

■^j • 


0 . 5 or 

2\\l6" 


27. 

28. 


1 




1-^2 
f \2 or -f • 


29. 


2 


15.. 


h 12 


30. 


|N|^or 



Exercise Answer^; (v.ultlplyt'..: & Dividing Radicals) 
1. ^ ^10 

J. 12 

k. l^orS^. 
5. |>l3-0,ori^ 

4- 

Exercise An^wpr^. (Addlnp; Radicals) 

















5: 


• 




9.:- 


336 


10. 


li^ 



1. 13>/r+ 3\|5,. 


6. 


- 3 \|l? 


.2. 15n(F+ 5NflG^ 


7 


N :i3 + 3 


3. -13\fir 




- 1 


4, 100 . 


_ 9. 




5. 12>|T-'ll^ 


^ 10. 


28 


Exercise Answer?; Ca. 


Review of Radicals) 






Nf?" 




7. 




3. N6 


8. 


31 


3 


9. 






.10. 


\|ib . 



, Ixerclje Anawyyi (B, Review of .Hadloals) 

3. 2>5^+ NfT 8. 28" 

^ ... ' 9. 30vr2" 



^ Exercise Answers (C Review of 'Radicals) 

^ 13. 5NfI-5 

3- 14.' 5>j2. ^ 

6. nIT ' 5>/J" 

^' 1 - 17. ^xfT^ f^ or 

^ 2 

9. f ^fTor ^ 18. 12^(J. 72 

10. 2/^>rF -49^ ^ 



11. 13^ vTs-^fNjr 



or 
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Pythagorean Theorem 





10 


12. 


5 


2. 




13. 


15 


3. 


15 . 




5 




2 


15. 


5 • 


If 

5. 


M22 


16. 










1 

2 NIO 


7. . 


3»\|3 


18. 


a) Yes 


o 

0, 


^ i~ir' 
3,\|5 




b)" Yes 


9. 


10 '\Z 




c) No 


10. 


6 




d) Yes 


11. 






e) ,No 



1 
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Baslk Coordinate Geometry 
Teaching; Su (a;gestlcnR , . ■ b • 

1. This unit consists of four parts that es- 
tablish the skills neeVed in coordinate 
geometryi Finding Distance and Midpoint; 
Finding Slope; Comparing Slope of Parallels 
and Perpendiculars; and Writing Equations 
of iiiries. The activity in each part de- 

» ve lops the main idea but will require 
teacher' involvement for many students, 
either to' reinforce the idea when the 
activity is completed, or to introduce the 
idea before students begin the activity. 

2. Answers .(Distance and Midpoint) 



1. 



2. 



3. 



a) 3 

b) (3, -2) 

c) -6 / 

d) (8,' -2) 
A (4, 3) • 
B (-1, -5) 

G ii -2 ) 

3 
,3 
7 
3 
8 

5 



4. 
5. 



Yes 

Hypotenu^ 
AP^. , P^QJ\ 

4, 6 

18 



3^1 



6. 



,\|265" 



y 



^10 

' '5 u Gi o.;l 



7. 2) 

,6) 



X, - X 



2 

-1. 

8. -2 ^ 
-2i 



V 2 ' 2 ^ 



■9. -5 



2y 



13 

(-5, 13) 



There are several Important ideas in the 
exercised on slope, Discuss these with 
tlW 
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Showing the product of slopes of . pei 
dlculars is -1 depend^ on slmlUrity aii^ 
so is not shown here. 



Materials • ' '. 

Graph -jJaper ' . 

Exercise Answers (Distance and Midpoint) 
1^ RS 5 ^ / 

ST « 5 

TR = \|?27 

2. .PY = '\ji30 

Yt"= \|26^' 

TP = \ll04 '-^ 

(YT)^ + (TP)^ » (PY).^ 

3. OA = 13 



5. 



up 


- \|89 


a) 


5 W 


b) 


5 nU* . 




\ 


AB 


= 2 \)2 


BG 


» 6 \(? 


CA 


8 Nf2 


•AB + BO « AG 



12 
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/ 



- \(4 \PT7 

- 2 \|s^ + . ' 

7. AB « 2'\)T ■ . ^ ' 
■ BG - 3 \|T^ ^ '. ' 

GA • 5 \| T " ' ./ . 

I^B '+. BG - GA * * 

9. a) 13 / 

' b) 5 

10. AB - \(l4 ■ 

BG - nI20 
■ • CA - \|34 • 

. (AB)2 + (BC)2 - (GA)^ 



' (-5> 2) 
^ 2 ' 2^ 



12 . ( 2^ . 

13. ' aHo, S ^5 



Ik, Mld]^olnt QA « (2|, 2) 

» f 

Midpoint u5 - (2|^ 2) 
15. AG - 1168' BD. - ^|68 

Midpcjint AG *'M(3, 5) Midpoint 3D = XC3, 5) 
GM " J17 ■ DM « ^l7. CD - vjiZj" 
(GM)^ + (DM)^ = (GD)^ VV . 

■ , ■ i ; . 

Exeafeise Answers (Slope) 

1. a) J ■ . 

T ■'! . - • 



2 

d) .-1-^1 



2« I* 

3. 'All slopes' «= -2 
Equal . . 



1 1 



Se^raents , 
Se^^ments^ ' >* 

k. a) 3 • '.li 



^) ? r . 14. 



->* . 


B.) 


0 ^ ■ 




b) 


0 ' 






u * 




d) 


0 •• . ' ' 


6. 


a) 


7^ - ? slope undefined 


• 


b) 


^ - ? slope undefined ' 


7, 

f ' 


a) 


♦ 

(6, 81 Other answers possible 






(-6, 3). Othe^ answers possible 




a) 


? '' ■ ■ 




b) 


-4 



Exercise Answers (Slope of Parallels and 
V Perpendiculars) 



fC/ 1. 0 

2. ii- 



0 I 

5. Ai DC or .// AC 

6. WX // H or XY /// ZW 

7. XY X WZ 

8. ii Xpm 




Exercise Answers (Equation of a Line) 







6. 





• 8. 4y + 3x + 22 = 0 
y + 2x + 8 7o 

10. 3y + x^ll = 0 

11. ^3y - 5x - 15 = 0 
^ 12. y - k + 5 » 0 

13. y + X « Q 

14. y - 2x « 0 

15. 3y + /pc - 68 « 0 

; 16. , y ~ 6x - 0 

y - X - 1 - 0 
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SeleotJ,ng* Coordinates 
Teaching Suggeatloha 

1. Work through the .two examples with the class. 
Point out distance formula used to. show line 
segments congruent, and' slope used to show ' ' 
lines parallel. ' 

/ 

2. The eight figures can be shown by overhead 
transparency foi; tAe whole class or by in- » 
dividual copies. ^ 

3. Instruct students to support each answer to 

a "check list" question, using ?f stance form- 
ula, slope jTormula,- etc. 
^. Answers to the activity 

1. Equilateral 5. Parallelogram 

2. Rectangle ' 6. Parallelogram 

3. Sc^mne . 7. Right 
J^. QuadrUatera ' 8. Square 

5. You may want to use Ekercises 1-6. as k class 
discussion, Exercises 7-15 can be assigned 
to individu{p.s or small groups. Answers for 
the exercises Will vary, 



Ooord).nate Proofs- 



f 



Teaching' Su ggeetlonig 

1. The activity can be done, individually or in 
small groups. " ' u 

... . 18 

P '-70 U cf c. 



Answer to Exercise 1 



3. Answer to Exercise 2 





















u 








r 








Cr. 


* 




















4 














^-^ ■ 










. ^ ■ 









I 
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1 


























- 






. . 


1 
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Linear Inequ|lltles 
Non-negative Gortatralnts 
Linear Programming 

^ 

These three sections wind up the coordinate 
geometry with three exercise sets which may help 
answer the old, most often asked question^ **How 
am I ever gc^ng ^o use this stuff?" 

Linear programming has many applications as 

aptly pointed out by the exercise references. ^ 

\ ^ 

You might want to make up a set of transparen- 
cies to Illustrate a step-by-step procedure for 
a couple of examples. 

Graph paper Is a must. 

Insist that studentp use straight edges for drawl- 
ing lines f and label their Illustrations clearly. 




LINEAR INEQUALITIES. 

Bxercise Answers 





"jfc 



pi 



NON-NBQATIVE CONSTRAINTS 



jExerclse Answers 



4-1 I I I I < > I I M 



1, 



'3. 



5. 
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X 2 0 . , 

y.i 0 

7x +*4yi 20 
x ^2^^ B 




GT-13 



X 0 
y i 0 
3 

*x i y 




4i 



I I I 1 I r M M I x 



X ^ 3 X 5^ 0^ 

y ^ 2 y > 0 

X + 3y ^ 9 



6, 




11. 



\ 13. 




H — h 



1? ' 




hx + 3y £: ,120 » 
'x + 3y4 6o 
y .7x + 5y =^'^'175 




. 23c + y ^ 12 
X + y i 7 
X + 3y ^ 15 



^ l4 li' Jo 3*5 



Ax + 3y ^ 120. 
X + 2y i XO 
3x + 4y i 100 

V 



x: 
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REVIEW RADICALS 



— 



Simplifying Radicals 



Ifever leave a perfect s<iuar^ factor under a radical. 
* ©cample: \|5d = \|2?2 xli? xf^ = 5 xTI 

-A ' ' , 

II. Never leave a fraction under a radical. 



Example': j| =J|.|> , . . f „r i 




III. Never leave a radical In a denominator^ 

.Example: = -2.^1^112^ X^2 ^ 



Exercises 
Simplify: 

1/ \|'36 » 
3. il28 » 

7.' I 



11. nJ40 = 

^ — 

12. \|- = 

13. \|'24 - 



21: ^ = 



10 

sir 



22. 



l4 



,10. aIsIx^ . 



14. w . 

15. \|'32". 

16. -4,. 
.\f3 

I 

18. 3\fFl. 



23. 5\| 

24. \f26 



18 



25. .^|y» 

26. 9\|20 

■i 

27. \i 72 » 




19. 

20. 



.n|7 
^'2 



'28 



29. 



30. -p 
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Multiplying and DivldAnK Rgdlcala 

Ruler \|a.\|b- \(^ Examplei \|2'.\|3- sfs 



Rulei - Va a 
■ Exercises • 

2. \lO^ f \f7« 



Examplei .\fT 

IT 




■3. 3 \|7 4 \|2 - 



•5. i^T' 3\|6 







6. 




7. 




8.. 


(B - 


9. 


(11-0)^ - 


10. 


(\|14)^ « 



Addlnpc Radicals 

Rulei X \fa: +'y \Ja - (x + y) \Fa 

* (If radicals are not equal, addition Is not defined.). 
Examplei ^ 3 \| 2 - 5 1 \|T « 4 - '5 



1. 



- 3. 

. 4. 



,7 42 + 8/vj2 + 5 \|lO - 

r- — • » 
19. \|25 + \|25 « • . 



5. 



12 "{3 - 11 \|2 « 



6. 5 \|13 - 8 J13 - 

7. Hil3 + \J9~« ' 
0. 2 \|l6 ^- 9 - 

9. 2\|y+ 5\|I- 9\3 

10. 8 \I.16 - \|l6 - 
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f ^ 



/ 



1. \[32 + i?.7 - \|^8 



2. 



\|5 \l?.o Y . 

5. \|36 f \fT- ■ 



A, Review- of lUulicalo 

8. ■ \J3i • \|3i - 

f 

9. ^ 5\[6' 



10. 2 ■;- 



2 

5 



B. Review of Radicals 



1. \|24 + \|ia.- \l54 



2 

'49 



\ _ 

5/ ^ T 



'6. 5 T \f5 - 

8. \|28 •/ \]28 

I 

9. 2 \[3 • 5 \| 6" 
10. 3 T \ 



f / 



0-3 



G, Review of nadlcals 



1. \|T'\[6'- \ 

* ■ » 
» 



5. 6 t2 \f3 

6. 7 T \|7 « 



7. 



\ 5 



4 



10. 8 • 3 



11. Il3 • \|26 - 
• ■ >. 12. {27 -^^j75 + n|48 
jf 13. ^)20 + - {25' 



1 
3 



14. 2 |50 - 3 ^1 8 + 4 . 

16. \j80 + . {75 - 
# 17. ^^1+ ^|2i+ 



'2 ■ ^J^ 



18. 4 'I27 - 8 \|8l . 

< 

19. -5\|75-8^Ji7 



2.0. Njf Mlf \|2- 
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ITrHA(K)RKAN THKORKM 
Activity I* 



A right triangle is a triangle with one right angle. The sides that form 
the right angle are called legs. The side opposite the right angle is the 



"hypotenuse. 




Construct any right triangle. Let a and b be the lengths of the legs and 
c be the length of the hypotenuse. Construct three more triangles congruent 
.to the first. Construct a square with side a + b. Cut out the four triangles! 

I. Arrahge the triangles in this pattern on the gquare. 

1. What is the measure of /.WXY? Why? 

2. How do you know WXYZ is a square? 

3. What is the area of WXYZ? 
(Record your answer in the box provided. ) 

^ There are many different non-overlapping patterns in which you could place 
your four triangles awd cover part of the square region, yet in each case 
shouldn't the areas of the uncovered regions be equal? ' . . 




II. Now try this pattern: 



H 






G 










* 







Area WXYZ 



1,. What is the measure of Z DGF?- Why? 

2. *Is DEFG a square? 

3 . What is the measure of /. HGJ? Why? 
'4. Is GHIJ a square? 

5. Find area of DEFG. (Record answer below. ) 

6. Find area of GHIJ. (Record answer below.) 

Area DEFG + . Area GHIJ . Why? 



Record artswers 
here 









> 
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This demonstration was to show you that for any right triangle with legs 
length a and b and Hypotenuse length d, a^ 4- » c^. This is known as the 
Pythagoreah TheoVetn. There are many vlays to prove this- famous theorem: alge- 
braically, one 'attributed to Pythagorab, even one done by President Garfield. 

\ # , ■ . 

Write the converse of the Pythagorean Theorem: 



Exercises 

Example: Given a right triangle with legs measuring 3 cm and' 4 cm, find the 
length of the hypotenuse. 

By Pythagorean Theorem a^ + b^ = c^^ 

In our triangle 3^ + 4^ = c^ 

2 



Tfte hypotenuse is 



9 + 16 = c . 

2 

25 = c^ 
5 = c . 



•In the ■ following table, a and b are lengths of the legs and c is the 
length of the hypotenuse of a right triangle. Complete the table. Simplify 
all radicals. ' 





a 


b 


c 


1. 


6 




t • ■• - 


2. 


h ■ 


k 




3. 




8 


17 


4. 


1 






5. 








6. 


s V • — 




6 




3 




.■6 . 1 




3 


6 








, AO 1m 



Ipn^th of thR dla^^onal If the nquaro. hraa nidon 
of 'Ipn/sith 10, 
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.10. Find the length of the diagonal of a square if the square has sides 6. 

11. Find, the length of the sides of a square if. the diagonal has length 1^, 

12. Find, the length of the sides of a square if the diagonfl has length 5 V^". 

^ 13.. Find the length of the diagonal of a -rectangle of dimensions 9 'cm x {2 cm. 




Example: Recall from *al^ebra that you can locate a point vdth respect to. 
coordinate axes by an ordered pair of real numbers. For example: (O, 3) has 
xl-coordinate 0 and y-coordinate 3. This is point A shown below., 



0 



(0,3) 



H — I — I — * — >. X-axis 



T 

y-axls 



(You will have a complete review 
of working with coordinate axes 
later, ) 



Point B with coordinate (4, Q) is also^shown. Draw AB, and you have a right 
triangle AOB. What is the length of leg OA? of leg OB? * 

14. Use the Pythagorean Theorem to find the length of hypotenuse AB. 

15. Find the distance from point E (O, -4) to point F (3, 0). 

16. Find the distance from point C (O, 5) to point D (5, O). 

17. Find the distance from G (O, 6) to H- (2> O). . » 

18. Given, are the measures of three line segments. .Use the converse of the 
Fythagcgean Theorem to determine whether or not the segments could form 



a right triangle, 

(a) 5, 13, 12 

(b) 5, 3, 3v'2' 



(c) 4, 5, 6 

(d) 7, 14, 7v'3 



(e) 2, 4, 2v;3 
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. QISTANCE AND MIDPOINT — 
. . Activity II 

Let and X 2 perpendicular lines in a plane. The point of inter- 
section we shall call the origin . and .^^ ^he figure below will be the 
X-axis and y-axis respectively. The x-coordinate of a point P is. the coordi- 
nate on (x-axis)^f the foot of the _L from P to the x-axis. The y-coordi- 
nate of a point P is the coordinate on (y-axis) of the foot of the X from 
P to the y-axis. The coordinates of P in the figure are the set of ordered 
pair of numbers (x,, y) or (3, l). Note that the x-coordinate is always written 
first. The coordinates of Q are (-2, 3). 



- - 3j 

I 

2 

I 

I 1 



-I -3 



-1 



1 ?. 3 k 5 



- -1 



■■ -?. 



--3 



^, x-axis • 



H ^- 



-10 -8 -6 



i y-axls 

-8 



-2 
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^ ^ X-axis 



10 # 



, '/S U Of D.M 



1. a) . The x-coordinate of P^^ is 

b) The coordinates . of are 

c) The y-coordinate of P^ is' 

d) The coordinates of P' are 

4 

2. 




y-axis 



-10 



-♦ 1 h — ^ 




B 



Q(7.3) 



I Find the coordinates 
of A, B, and C. 



— f-^c-axis 
.10 



A 
B 
C 



-8 



3. Use the figure in Exercise 2 to find the distance from A to Q,. 



AP, 



BP,- 



BQ. 
CQ. 



4. If you identify p^(4, 6) as ^^{^^, y^) and Q^(7, 3) as P^Cx,, y,) is 
. . AQ^-lx^ - xJandAP^.-ly^-yJ? 
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5. Find th6 distance between Pj^ and Q^.' Sinee\Pj^Qj is tlie of a 

right triangle, (AQj)^ + (_ f = (_f. 

(3- (PiQi)^ 
3^ + (-3)2 . (PjQj)2 



6. Find the distance between ^nd Q^j between P 



2 



I P^* and P^; between and Q^. 



7. 



) 



6- 

• 

~ ~ ~ ' 


- \ 

1 ' ' 








x^ 







4- 



The coordinates of P are 
The coordinates of P^ are 
The coordinates of P are 



I^t M be the midpoint of (m^M > MM^) 
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Then M^M - I x - xj ^ x - x^ , 



and 



X - x^ a x^ - X or X 



( 



The Xr^coordinate of P is 



In the same way, the y-coordinate of P is . Therefore, the 

midpoint of P^^ (Point P) has coordinates ( , ^ _) 

i 8. a) P^ has coordinates of (l, -l), has coordinates (-5, ^4). The 

x-coordinate of the midpoint is . The y-coordinate of the midpoint 

b) ^li^itV) and,P^(x^, y^) are the endpoints of segment ^^P^. P is the 
midpoint of ^:j^2' ^ coordinates of ( _). 

■ • ■ ■ ■ 

9. The midpoint of a segment is (-1, 4), One endpoint of the segment is 
(3, r5). The coor^dinates of the other endpoint are to be found. 

Since x 



+ 3 



or x^ = 



y = (. 



yi'= 8- (_) 
yi — 



Coordinates of P (x. , y. ) are ( 



.). 



jSxercises - Distance and Midpoint 

1. Show that a triangle with vertices R(0,0), S(3,4) and T(-l,l)is an 
isosceles triangle. 

2. Use tKe converse of the Pythagorean Theorem to prove that the triangle 
P(-6,2). y(5,-l), T(4,4) is a right triangle. 

3. The vertices of QUAD are Q(4,-3), U(7,10), A(-8,2) and D(-1,5). Find the 
• lengths of the ° diagonals. . ' 
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4. 



5. 
6. 

7. 
8. 

^9. 



10. 



Find the distance between these two points: . 

a) . .(a,ll), (15,35) : . - \ • 

b) (-6,3), (4,-2) ' . 

A(-l,6), B(l,4), C(7,-2). Show that. A, B and G are coll inear. ' 

For A(r,s), B(r+ 2s, s+ 2r) and Q(0,0), show that AB = 2(AQ) 

Use the distance formula to show. that A(l,l+b), B(3,3+b) and C(6,64-b) are 
collinear. 

State , a formula for the distance between points in space — 'P-^{^-^,y^fZ^) 

Find the distance between these two points: • 

a) (4,-1, -5), (7, 3, 7) . 

b) (3, 0, 7), (-1, 3, 7) « . • 

pow that a triangle with vertices A(2, 4, l), B(l, 2, -2) and C(5, 0, -2) 
is a right triangle. . ^ 



11. 



12. 

13. 
14. 

15. 



Find the midpoint" of PQ. 

a) P(-2, 3) Q(l, 4) 

.A 

b) P(-5, -2) Q(-5, 6) / 

c) P(5, 7)„Q(6, -10) 'i - 

The coordinatete -of one.endpoint of a ^e^ent are (4', 0) , the coordinates 
of the midpoint- are (4, l), find the coordinates of . the"ot her endpoint. 

A(-2, 1), B(0, 5) and C(2, -l). Find the\length of each median. 

4 \ . ' ' ' <ft 

The vertices of^QUAD are .q(0, O) , U(5, O) A(V 4) and. d(0, 4). Use the 

midpoint formula to show that QA and UD bisect\ach other.' 

The vertices of quadrilateral ABCD are A(2, l), bC?^ 4), C(4, 9.) and D(-1, 6). 
Show that A5 and BD 
a,) are congruent 

b) are perpendicular 

c) bisect each other. 
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SLOPE 
Activity III 



, sflope.of a line segmeriii ^^.^^ defined in terms of the coordinates 

of 'the two points and P^, Suppose the coordinates of are (^j^r Yj^) 

coprdlnates of ^^2'^ ^2^^ * 

^- Slope 



^2 " ^1 



Example i 



(5, 3) 



B (2,. -2) 

• Slope Xi^ %'^%] -3 
We found the slope letting be B and P^ be A, If we let P^^ be A and 



be B, slope becomesi 

A 



Slope BA . : []] 



Finish calculating slope BA , and Compare to slope AB, State a conclusion. 



Exercises 
1. 'a) 



(-2,-1) 



F (3, l) 



H (2,-2) 
■ -i 



Find slope of GF 



Find hope of HI" • 
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o) 



■1 



d) 



(7,1) 



(-1^,2) 



: 1 



Plnd slope of JK 



Find slope of IM 



Study these four problems. Can you tell .by looking at 'a line segment 
whether a line segment has positive or negative slope? 

2, ^In each example, tell whether the line'-^egment has + or - .slope. 





3.. 




a) Find slope of AB^, 

|sl Find slope of AC . 

c) Find slope of^BC. 

d) Find slope of aI. 

e) Find slope of GB. 

4 



The slopes of any two segments of a' given line are 

The slope of a line is the slope of any of Its 

The . slope of a ray is 'the slope of any of its 



A (3,3) 




.q*(-4.-o 



^ Find slope of^AB. 
b)^j^;nd slope of BG, 
p)..r Find slop© of CA. 
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(-^3) » 



a) Slope DE - 

b) Slope FG - 

c) Slope HI - 



(l,.2)(3,-2.) 



6. 



A segfneri^ parallel to the x-axis is said to be horizontal DE, FG, and HI . 
are horizontal, 

d)^ Horizontal segments always have slope «. 



A (1»3) 



a) Slope AB 

b) Slope CD 



'7 



B (1,-2) 



D (-2;4) 



A segment parallel to the-y-axis is said to be vertical. All points on 
a vertical l;Lne have the same x-ccJordinate so slope 



^2 ~ ^1 . 



Since 



0 

division by zero is undefined for the set of real niimbersV we cannot 
express the 3lope of a. vertical line vdth a reaV number. We say the 
slope of a vertical line' is undefineeU- 

7* a) (2, 5) is appoint on AB which has slope 3/4. Name the coordinates 
* of "another point oh AB. 

b) X-1, -1) is a poi«t on xy which has slop^- 4/5. Name the coordinates 

of another point on'^. V «. 

»» ' „ 

' ■ , ■ .. 

* 8* * Find^ the slope. ' ^ V 

b) 
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3U)PB OF PARALLELS AND PERPENDIOULARS 
, Activity IV 




< t P I I I I M I 



< » I > < I » » l y 



Find slope of 

Through C draw a -line SB parallel to tt. 

^ y^ 

Find the slope of CD. 



■I ■! 



/ 



Through F. draw a line EF with slope '}/?., 
Throuf^h G draw aline GH with slope 3/2, ' 
Is EF // Sh? 



State a conclusloni . 
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Through A dray a line AB with slope 2/5. 
Through A draw a line AG such that 
•What la the slope of 

(Slope JS) X (slope ^f) - ' 




What Is the slope of xy? 
What is the slope of xz? 
What is the measure of " Xzxy? 

(slope xy) X (slope x^) - 



State a conclusion i 
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Slope of Parallels and Perpendloulars 



RxorclaeB • . 

Given: A(-4,.3)} B(3, 3); C(-5, -l)j D(2, ^l) 

1. Slope AB - , • 

2. Slope BD » 

. 3. Slope DC ,^ 

4, Slope AG » t 

5, Name a pair of parallel segments. 

Given: A set of six line segments with end points 
W(0, 5); x(4| 0); y(0, -5); Z(-4, O) 

6, Name a pair of segments that are parallel, 

7J Name a pair of segments that are perpendicular. 

Given:' A set of line segments with end points 
M(4,"-2)5 N(7, 0)*; P(6, 1) 

8. Name a pair of "segments, that are perpendicular, 
f : 



f 




EQUATIONS OF LINES 
Activity V 



# 

. ♦ 

• 


k y 


• 






X 

( 


^(x.y) 





Suppose that you are given Pj(Xj, y^) and a slope m of some line. What' 
is the linear equation for that set of points? ' 

The slope, m = ^2 ""^1 . ' 



^2 " ^1 



Since P(x, y) is any point on X , m = ^ " ^1 /, y - y. ,„ m (x - xj. 

X - x^ • ^ 1 

This result is called the "point-Slope" equation of a line. 

Example: A line passes through the point (4, -2) and has a slope of - | , wt^t 
is the equation of the line? 

* 

y - (-2) - - I (x . 4) -> 2y + 4 - - 3x + 12 
' -> 3x + 2y - 8 - 0 

If two points on a line are given, it is first *^ecessary to find the sIom 
of the line and use either point as the given jxjint and use the "point-slope" 
equation. For example: P^(-2, l), f2(^» 3), 

1 



the slope m - " I f 



. You may use' either P^^ or Pg as ."the poirjt"- 

y - 1 » J (x + 2) 
3y " 3 - X + 2 
X - 3y + '5 - "O 



/ 
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Btjr using y - 3 « ^ (x - 

3y - 9. - X 1 4 . 
X - 3y -f 5 - 0 

Quite often we would Alje to know the specific point where the line crosses 
the y-axis. This point is called the y-intercept. The coordinates of that 
point, are (O, k). * 

y 



(0,k) -^j^ y-lntercept 



P(x.y) 



Using the "point-slope" equation 



y - k = m (x - 0) or 
y « mx + k. 

This famous resul^i^s known as the "slope-intercept" fbrtn of a linear equation. 
Exercises 

Write each of the following e.quations in " slope-inter cept»» form and sketch 



the 


graph of each. 


1. 


1/2 (y - 1) . X - 4 


2. 


2y fa 2x - 6 


3; 


3(y + 5) - X + 3 


4. 


X 3y - 12 


5. 


y ^ 2x - 0 


k. 


X « 2y I- 5'* 


, 7. 


2x « 3y 1, 6 
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Write an- equation in point-alope form for the line that cortbains P and has 
the given slope, V > i 

8. P(2, -7} m - - I / 

/ ■ ■ - . . . ■ 

9. P(-3, l2)f mm - 2^ 

Write an .feqfuation in point-slope form for AB. 

10. A(l^ 4) B(4, 3) 

Al. A((i, 5) . B(^3, 0) ' . 

12. - A(a, ,3) B(4, -1) - 

I . ■ . ■ ' 

13. A(j.l, 1) B(l, -1) 

14. Wrjlte an equation in slope-intercept form of the line that contains P(0,"0) 
and is parallel to the line that contains Q(2».-3,') and. E(1^ .1.). 

t 

15. /' has a slope of 3/4 and contains P(8,.12). Write an equation of 

. , ■ ^ 2 

such that is perpendicular to ^ and passes through P. . 

16. A triangle has vertices A (0, 0), B(l,^), c(5, 2). 

a) Write an equation of AB, 

b) Write an equation' for the X bisector of BC. 



V 
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3ELSGTIMG COORDINATES 
I . . Activity VI 

Your teacher will show, elRht dlagretins containing triangles or quad- 
rilaterals. Rach of these will b« Imposed on a coordinate system with a 
specific coordinates given for the vertices. - From this you are to lis/ \ 
all possible conditions that exist on the figure and from, your list/6f def^ 
Inltlona plok an appropriate name. 

Example 1 I. 

For A ABC 
AB - BC - \la^ + 
. A ABC is isosceles 



/ 




Example "Pt ■ 

For quadrllatf?ral WXYZ 
MX -.a 



XY - sTCa+b-a)^' + (\la^-b^-)^ 

nr 

Slope WX « 0 
Slope YZ - 0 



a 



Slope W/. 



W7. . to 



Slope XY - 
W // XY 



Honoej^WXYZ is a yh^mbus. 




\ 



7, (h, NaW 



Y (a+b, a^-b^) 



/ 
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Definitions , 

Polyffoni If P^, Pg, ... P^ Is a aet of three or more distinct copUnar 
points, the union of P^^' ^^^3' Is a polygon Iff no two seg- 

ments Intersect except at their endpolnts'and no two Interseotlng segments 
are colinear. 

Isosceles Trlan^lei An Isosceles triangle J^s a triangle .with two congrtient 
sides. 

Scalene Trianglet A scalene triangle Is a triangle with no congruent sides. 

Equilateral Trlanglei An equilateral triangle; is a triangle with three con- 
gruent sides. 



Right Trlanglei A right triangle is a triangle with one right angle. 

Quaftrllaterali A quadrilateral, is a polygon that has four sides. 

Parallelogram I A parallelogram is ,a quadrilat^pl with opposite sides 
parallel. ' ^ 

Rectanglei A rectangle is a parallelogram with one right angle. 

Rhombus I A. rhombus is a rectangle with 'a pair of adjacent sides parallel.,. 



Square! A square is a rectangle and a rhombus. 



Trapezpldi A trapezoid is d quadrilateral with one p?ilr bf sides parallel. 

Diagonal of a polygon 1 A diagonal of a polygon Is a segment whose endpoAts 
are two non-oonsec#tlve vertices of the polygon. 



■ / 



Q (0,\|Ta) ^ 




FigureV 



Check list: 
Are \there any congruent sides? 
Are there any right ang3.es? 



AeQU is a(an) . 



triangle. 



50 
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• I (c,a)* 




C (c,0) 



Figure 2 



Check list: 

' . ■ •' ■) 

Are there congruent sides? 
Are there parallel sides? 

Q quia is & 
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R (b,c) 




A (a,0) 



Check lists 



Are tlj^re congruent sides? 
Arp'^thefe right anglest 



( 



^FRA is a(an) 



riangl^. 



s 



\ 
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(d,.e) . 
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t N (0,0) I (a,0) 

' Figure 4 _ 



Check list: 

Are there congruent , sides? 
Are there parallel s^des? , • 
Are Jhere right angleis? 



□>NODI is a 



0-27 



.53 



( * f ■ 



IP 



.V* . 



0 (b,c) 



T (a+b,c) , 



s ::b (0,0) : 



t » ■« I I t > i I M I I I I M I i 4 I I I I I I I i ( M ♦ 




V 



H (a,0). 



■1 M n t I I i ^ i i I » 



Check l;|.st; . 

Are there congruent fiides? 
Are there parallel sidei? 
Are there right angles? 



Figure 5 



( ObOTH ie a 
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I (2b, 2c) 



0 (2d, . 2c) 




♦ M t l ; l J i ( I I I M M I M r I I I J I I I I I n M I M M h M M 



D (0,0) 



^-4-4- 



2;i|(2a,0) 



Figure. 6 



Che?ck list : 

* * 

Are there congruent sicies? , 
■ ♦ArertRel'e ' ^alWfr. sides? 
Are' there right angles? 



\ 



ODIOZ is ^ 
♦ 
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R (5a,0)< " ' 



Figure 7 



_ Check list: 

,' " Are there congruent sides^ 
Is there a right angle? 

A PUR is a triangle 
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i 



0' (2a, 2a) 




Check list: 

_^Are there congruent sides? 
Are there parallel sides? 
Are there right angles? 

> ]3>S0nA 4.B a ' ^ 



\ 



Figure 8 
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ExeXf 1868 1 



Perhaps less easy to do is giving coordinates to a figure where only its 
type is known. For example, what coordinates would correctly describe the 
vertices of a figure if it was known only to be a parallelogram? Here is a 
propo'aed solution and some questions about that solution. . 



1. ^ Must AD be placed on the x axis? 

2. Could a point such as" (5»0) be 
used for point D? 

3. Would coordinates (a,c) work for 
point B instead of (b,c)? 

4. Why was C Selected as the y 
coordinate of point C? 

5. Could a new constant such as d 
be used for the x coordinate of 
point C7 

6. ' Why was a+b selected as the x 

coondinate of point ?. 




B (b,c) 



C (a+b,c) 



I » I I I M I I I I I I I M I f > t I > M I « » 



(0,0) 



D (a,0) 



1 7. Choose Coordinates ^or the vertices of a figure where all that is known 
is that the figure is a trapezoid. 



I 



In exercises 8 through 15, .establish general coordinates for the vertices 'of 
a figure if it is known only that the figure is a: 



8. 


scalene triangle 


9. 


isosceles triangle 


10. 


.right triangle 


11. 


equilateral triangle 


12. 


quadrilateral 


13. 


rectangle 


14. 


rhombus 


15.; 


square 
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. , COORDINATE PRpQFS 

* <• 

. ^ Activity VII 

, If Qn|,l8 Kolng to do proofs, they may as well be done as easily as 
possible, ifjere ls'- a method of proof which sometimes makes the act of prov- 
ing a statement true unbearably easy* 

Prove I The 'segment Joining the midpoint J of two sides of a triangle Is 
para-Uel to and one-half the iength of the third side, 

« 

A EAS Is any triangle. By the 
midpoint formula M and N are the 
midpoints of AE and AS respec- 
tively. \ 

Slope ES - slope MN - 0 
Therefore, ES // MN, 



MN - 
E^ - 2a 



a "a 





I 








A (2b, 2c) 




M(b,cy 


N^N(a+b,c) 


<- • 






1 


E(0,0) 


S(2a,0;^ 



Therefore, MN - 1/2 ES, and the proof Is complete, (Q.E.D.) 

Notice the selection of the coordinates of A as (2b, 2c) rathei than 
(b, c) and similarly {2a,\o) for S. pis was done In anticipation of working 
with midpoints . 

> 

Prove tht diagonals gf/ a parallelogifam bisect each other. 



ZI7ALS0 Is any parallelogram. 
The midpoint of diagonal CO Is 
(b f a, o),^ The midpoint of 
diagonal SA is (b + a, c), There- 
fore to and SA bisect each other. 




L (2b, 2o) 



S(2a+-2b,2c) 



A(0,0) 



0(2a,0) 



0 
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Qoraplete tho following proofs, using coo??ainates aa an aid", 

1. Prove ihe opposite sides of a parallelogram are congruent. 

2. Prove the diagonals of a rectangle are congruent, 

3. ' Prove that a rhombifs is equilateral. 

4. Prove the dlapjonal^ of a rhombus are perpendicular bisectors of each 
others ^ ' 

5i Prove the midpoint of the hypotenuse of a right triangle is equidistant 
from the three vertices of the triangle. 

6, Prove the segment whose end[points are the midpoints of the diagonals of 
a trapezoid is parallel to, the bases and has length eqjpal to average of 

' the base lengths, . 

7. Prove the segments joining the midpoints of the opposite sideg of a 
quadrilateral bisect each other. 



•A. 
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NliKBSSARY OONDITION^ 



* 

In tho last activity you were dealing? with necessary conditions on par- 
allelo^^rama , rectangles, rhombuses and squares. For example, if a quadri- 
lateral Is a parallelogram, it is 'necessary that Its diagoHals bise</t each 
o^her, ^ / 

Observe that any condition necessary for parallelograrrib is also a 
necessary conditiqu for rectangles', rhombuses and squares. Hence, the 
diagonals of a rectangle bisect each other j the diagonals of a rhombus bj 
sect each other > and the diagonals of a square bisect each other. 

The following is a table to be completed by you. Its purpose Is to 
catalogue the necessary conditions for parallelograms, rectangles, rhombuses 
and squares. 
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N«cowmiry oondMloriB for parallelo^rama^ rectan^^leBf^ rhombus and 
flqu/J?p)n* Put a ohoek .ln the blpcka^.that Indicate such oonditloni§ 



If a quadri- 



lateral Is 

a 



then 
it is 
neoeasarjf that 



i|pposite sides 
i aro parallel 



opposite sides 
are congruent 

opposite anp:les 
aire con/5ruent 

the^diafidnals 
bisect each other 



the diagonals L 
are congruent f 



the diagonals j 
are perpendicular V 



the diagonals are J. 
bisectors of each 
other 



the diagonals 
bisecl the angles 



is equiangular 



is equilateral 



/ 



la equiangular 
And equllateml 



1 



T 



o 

• 1 



f 

'I 



o 
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SUFFICIENT GONUmONS 



The converse of a neceaaary condition Is a sufficient condition, The 
^onverse of the statement "If a quadrllatej*al la- a parallelogram, then it ' 
1.8 necessary that \ts diagonals bisect each other" could be stated as "The 
fact thajj the diagonals of a quadrilateral bisect each other is suff Icieht 
*jto guarantee • that the quadrilateral is ^ parallelogram ♦ 

Observe that any condition sufficient to guarantee that a figure is a 
square or rectangle or rhombus, sufficient to guarantee that *the figure 
is a parallelogram. For example, if a quadrilateral is equiangular and 
equilateral, It is certainly a square* But it is also a rectangle, a rhombus 
and a parallelogram. The Venn diagram below Indicating how the seta of 

'. - I. 

squares, rectanj^les, rhombuses and parallelograms fit together may Ise he^- 
ful In visualizing this result • 



Pai^allelogram 




Rhombuses 
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SuFflclent condltlona for parallelo/^rama , rectangles, rKoflkbuses and 
squares. 

Put a ohedV In the blocks that Indlcat^ "sufficient conditions, 



■ V 



1 


o 

■ t 

CO 


Rectangle 


Parallelogram 

r 


If a quadri- 
lateral 

it 

is then 
sufficient 
to giiarantee 
that it is a \ 


L.- ^ ^. - . ■ 

\ 






has opposite 
sides parallel 


\ 




■/ 


has opposite 
sides congruent 








has opposite 
angles . congruent 




'. 






has dlaf^onals which 
J^lsect each oth€(r 








. 

^ V 


has congruent 
diagonals 










has perpendicular 
diagonals 










has diagonals which are 
X bisector of each other 




* 






|ias diagonals which : 
bisect the angles 




' 






is equiangular 










1b equilateral 




\ 




\l is equiangular . 
^ " j^ and equllaterftl 
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LINEAR INRXJUALITTE 
♦ Activity VIII • 



A linear pquatlon has a Mtral^jht line as Its goometrlc representation, 
A alnfilft Inequality Is repreaonted by all points, on one side of a line. If 
wo think of a linear equation fio dividing a plane In half, the solution of. 
An Inequality In two dlmenRlons conBlsta of all points In a half -plane . 
Example I Graph the solution of i 2x + 36 < 6.. 

Solving for y In the usual manner ic y < -?,/') x + Z, 

This says that the points satisfying the inequality lie on or below 

the line y - -2/3 x + '2. 
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Now consider a system of two ]^lnear Inequalities, such asi 
1) X £ 3 and 2) 3x + 2y £ 6 . , 

The solution of ^ a. pair of Inequalities consists of a section of a plane 
which we shall call the aolutlon spye . The solution spa-ce Is the set of 
all poBslble 3olutlt>ns, ... 

The first Inequality states that k must lie less than or equal to 3- 
^olvlnjcj for y on the second inequality yieldsi 

^ y < X + 3i 

Thn solution space f or /tl'48 system consists of points which are both* . 
to the left of X w 3 and bolow 3x 2y « 6, This may be symbolized ao 
"j^Cxpyji X < 3^ 3x + ^y < 6^9 l^he solution space is shownjln Fl<;ure 2. 




Gongider another syslem Involving two Inequalities, ^ 
l) ?,x + y >U _ 2) X + 3y 6 

Solving both inequalities for yi 

1) y 2 -2x + ^ . 2) y > -1/3 X + 2 

The solution sjace for this system consists of thos^ points which are both 
aboye the lAne 2x + y -'^ and above x,+ 3y - 6, 

•|j;x,y)i 2x + y > X + 3y Z 6.^ 
Fliafuro 3 Illustrates the solution si[)ace. 
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Find the general solutlono and c;raph the solution spaoe, If they exist, 
for each problem. • 



1. 3x + 3y < 5 ^ 
X y > 0' 

2. 2x + 3y 5! 6 

3x y > 2 . 

3. .2x + y > 4 
2x ^ 7 < -3 , 

^. 2x H- 3y ^ 5 
x-fy<2. 

5. 7x 4y < 28 
\ X - 2y < 8 

\ ■ ■ 

\ 

6. i\ - 3y > 2 
X -fXy 5 

7. 2x - y > ^ 

X y > 2 



8. 3x •¥ yt 6 
X + 2y > 4 

9. X .7 y -3 

2x - 2y ^ 4 

10« y 2 2x + 2 
y < -X " 2 

y < x - 1 
y ^ 2x - 2 

X -f y ^ 4 



11. 



12. 



13, 



X + y ^ ^ 
2x - y i 7 

X •¥ y f 4 
X - y i 1 




/ 
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NON -NEqATi Vii> *a ON STRXIHTS 
Activity TX 



.In the work to come, we shall deal with quantities, i)rlce$ of goods, 
and other variables which Jftnnot have negative values. In the case of 
two variables, x and y, ^l^l^ restriction Is expressed by writing ' 

0, y > 0 with the other inequalities of the problem. This |.mplles 
then that only the points In the first quadrant, including the xand y 
axes will W considered. For instance, the system i 

X + 2y £ 8 . ^ ' '-■ 

\^ Zx y < 6 

has as its ^olution space the shaded area I. shown in Figure 4. 

y 




^-^x + 2y » 8 



Consider next the systemi 



\ 



• y^ 0 

X + 2y 6 ' . • 

***** * . ■ \ ■ ; ■ 

i- ^ . . . \ ; 2x + y >6 * * . 

Thp solution space for this sysiem 1$ area^tl on Hgure 4. 

Another system can be^ lll(|st)fJted with the following problem, . 

Food typo 





ounces of 


p.^ , , \ .. ,. 

ounces of 


in mixture 


nutrlent/iinit 


wt./unit 


X 


0.4 


2 


y . 


0.9 


3- ^ 



V 



• 1 
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A. mixture Is 'to be made of food types X and Y. Jf the mixture la 
' Vo contain not less than 13 ounceaJbf nutrient, and Is not to weigh more 
than 50 ounces/what combination oT the foods are permlsflible? • 

^Tho nuhrlent, conntraint io olx ■»• 0.% > 13. The wol^'ht constraint 
la 2x •»• 3y < 50. Take those two .Constraints alohg with x > 0 and y > 0, 
/The solution space for the systemi 

'x > 0 • 

y >0' ^ 

• OAx + 0.9y > 13 
2x/ ^y < 50 

is shown below, 




> 



.5 




0.4x + 0.9y m 13. 

^- 2x + 3y 50 



0 



J 



4 • 
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Construct a Rraph showlnR the solution space. 



1. X > 0 

y > 0 ■ 

, y 2 3 

X < k 

2. X 2 0 

y > 0 

X < 3 
X i y' 

3. X ^ 0 

y ^ 0 

2x + y 2: 6 

X + '^y ^ 8 

^. X 1 3 

y < 2 

' X + 3y ^ ^ 



5. X > 0 
y ^ 0 

7x + 4y ^ 28 
)t + 2y S 

6. x J 0 

y 2 0 
2x + 3y < 12" - 
X - 2y 2: 2 

7. X 2 0 

■• + y £12 ■ ] 
X + ^y > a y 

x>0 ' 

y > 0 

hx + y ^ 12 
X + ky <;8 



8. 



9. [storafje Unit 



Gost/ljnlt 
$3.00 
$8.00 



Storage Space 

y 



•/Sufficient storage space is available for 500 Units (total) and 
$2^00 Is available to spend on the items. Graph the solution space, show- 
Infj peymlsslble comblnatloriv^ oi;. Items which may be purchased and stored 
without exceeding total apace and money restrictions. 




Food Type 


;yhlts- in 
frixture 


Ounces of 
wt / unii . 1 


X . 

Y 


\ X 

* 

y 





-Ounces Of 




A mixture is to have at least 8 ounces of nuirlents, and the total 
weight la not to exceed 45 ounces. Graph the solution space, showing sil^ 
possible oombinAtlons of the two food types* 
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DRpartmnnt 

T 
II 



llourn rnqul rpd "lo 
prodiico on*^- unit 
A B . 



1. 
?. 



1 
1 



Unltn of 
A 

X 
X 



UnitR of 
H 

y 
y 



Mourn 
'available 

7 



The table ehows that it takes one hour for department A Vb produce 
product A, while It^ takes department II two hours to make one uni!t of A, 
The table also shows the number of hours available, for making products A 
and B, .Graph the solution ^p<be, showing all' permissible combinations of 
Items which may be produced. ' • 



12, 


Department 


Hours 

avalla'ble 
✓ 


Hours required to 
make one unit 
A • "B 




I 


120 


^ 

^ .•3 ' 




• 

TI 


60 




p 


III 


■ 175 


7 5 •* 



9t 



Let X bo the number of uKlts of products A and y be the number of 

products B# Graph "tn© solution space shpwlng all permissible corn- 



units of 

binations of items which may be produced, 



13. 


Department. 


Hours required to 
make one unit 
A B" 




I ■ • 


2 


1 




n 


1 


1 




III 


1 


3 



If the hours available in T, II, and III are 12, 7, and "15 respectively., 
praph tho solution space showing all permissible combinations of items' which* 



may be produced. 


1 


0 


0 


14, 


Department 


Hours 
available 


Hours required to 
produce one unit 
A B 






T 


120 


4 3 • 






.11 


1 2 





Each unit of A oon tributes $3 to overhead and profit wiflle each unit 
of B contributes $U. Graph the solution space showing permlsslblG oomblna- 
tlofifl that can be made in the available time .If total contribution to' yVer-^ 
head, and profit Is to be at least $100.' * 



LINEAR PrRiRAMMING 

, ^ Activity X ' 

■ 0 

In applied mathematics > we are often Intereated In^ a number of ways 
of ftocompllRhin^'; a certain objoctlve. For example, some combinations of 
foods will provide a natlsfactory diet, but some combinations are- more 
coRtly hhan othe^rs, and we are interested In f Indinfj the minimum cost of 
providing dletfery requirements. Again, there are many combinations of 
products that a plant can manufacture, and wo are interested, in the com- 
bination which yieiks a maximum profit, ^ 

The varlablas irt- the real world are called constrair^ts i that Is, 

altua t'^o ns a re subj e ct to r e atri i^^^i-oi^-iHrt-whieM^^ th^ 

variables do not take on nef^ative values, 

^//hen the problem is one of finding tfte maximfim (or. minimum) value of 
a system of Inequalities, when-^the constraints and the objectives function 
are linear, we have a problem in linear proCTammln/?: , ^ 



Example 1 ^ 

Suppose that airline agrees to provide space on a s-pecial^ tour to 
^ Lower Slohobia, for at least IBO first-class and p20 tourist passengers. 

It must use two or more of Its type-X planes. Each type X plane has 30 

first-class and 5^ tourist seate. The type Y plane has 30 first-class. 
\ seats and 70'tourlst seats. The flight cost is $1300 for type X plane and 

$1000 for each tyjpe Y piano. Total cost is to jpe a minimum. How many of 

each kind of plane should be used? * 



Plane type 



X . 



No, of seati^ 
First class 



30 
30 



Tourist 



^0 
80 
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Let"x and y represent the number of .-planes of type X and of type Ot, 
If C x^epljenents tha total cost, then 

G 1200X + IfiOOy, 

\ ■ ■ ■ 

"^The airline Ma,nta to. minimise G subject to the following constraints! 
l),»x >r ? (must UDo 2 or more typo X pianos) • » 
y > 0 (caniqot use a negative number of typ6 Y pl&nen; 
30xyf 30y^ IRO (// of flrBt cl|iss seattf) ' • , 

. . 40x4 ROy > 320 (// of. 'tourist seats)' , . ' • 

' ' \ ■ 
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The oolutlon spaoQ 1b shown In the flffuire below • 



0 . 



(0,6) 




(2,0^) : ^ ' (6,0) . (8,0) 
The shadQd refjlon has the following; characteristics! 

1. '' Where It is bounded,- 'the boundary is determined by straight lines. The 

^points where boundary -lines intersect are called comer points . 

2, The region In convex . 

It can be shown that IHOOx + I800y has a minimum value over the shaded 
roRlon. To minimize this expression over the region, evaluate it at the throe 
com«^r points, • ' 

At comer {2,h) IP.OOx + I800y - 9,600 

At comer {^,?.) IP.OOx + l800y - Q,kOO " 
At comer (8,0) 1200x + I800y - 9,600 

The minimum cost In this problem Is $8,400 and the airline should use 
4 typo X and 2 type Y planes ♦ 



Sxample ?. 
Product 

s 

A 

B 



Number of 
units made 

X 

y 



Prof 1 1 
per unit 

$1,00' 
$ ,50 



Hours required per unit 
Dept. I 'Dept. II 

(4 hrs. avail.) (6 hrs. avail.) 



1 
1 



1 

2 



Determine the maximum profit that can lie aohloved. Keep In mind the 
h and 6 hour time limitations ir\ Department I and Department II. ^ 



s 



© pfoflt achieved may be oxpreased ast P ■ x + ,5y 
X y 5 H (x imltfi of A and y units of B In Uopartmei^t I , ) 
x-^ (> (x units of A and y units of B In Department II,) 
X 2 ^ (cannot produce a nof;atlve number of Items,) 

y20 



The solution apace Is shovm In the flRure below, 




> X 

We now check the coiners to see which yields the maximum profit P, 
At comer (0,3)- x + .5y'« .1:3.50 . 

At comer (S,.-*) X + ,5y - $3.00 , .• 

At^comer (4,0) ^x + ,5y » $4.00 

The solution of the problem Is to make 4 units of product A and 0 units of 
product B, ^ ' • 
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